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(57) Abstract: The present invention relates to an isostatic prcss 
(10) for high pressure treatment of a product (12) having a tem- 
perature below 0**C, said isostatic press (10) comprising a pressure 
chamber (16) ad^ted to contain a first pressure medium (18). and 
a container (20) which is placeable in the pressure chamber (16). 
The container (20) which is placeable in the isostatic press (10) is 
adapted to hold the product (12) and a second pressure medium (24). 
the container (20) being closable to keep the first pressure medium 
(18) separated from fluid communication with the second pressure 
medium (24). The container (20) is further provided with a pressure 
transfer means (26) adapted to transfer pressure from the first pres- 
sure medium (18) to the second pressure medium (24), and a body 
which is made of a material with low adiabatic heat onission rel- 
ative to adjoining substances, so that the body from adjoinii^ sub- 
stances absoibs heat, which is generated by adiabatic temperature 
rise during ^e high pressure treatment The invention also relates 
to a method, a container (20), a plant and use for high pressure treat- 
ment of a product (12) having a temperature below O^C by means of 
an isostatic press (10). 
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ISOSTATIC PRESS FOR HIGH PRESSURE TREATMENT 

Field of the Invention 

The present invention relates to an isostatic 
press for high pressure treatment of a product in the 
pressure chamber of the isostatic press. The invention 
5 also relates to a method, a container, a plant and use 
for high pressure treatment of a product by means of 
such an isostatic press. 

Background Art 

10 Isostatic presses of the type mentioned by way of 

introduction have different ranges of application- One 
range of application is isostatic high pressure treatment 
of products such as foods, drugs and cosmetics. Isostatic 
high pressure treatment of this type aims at inactivating 

15 undesirable microorganisms and enzymes in the product, 
thereby extending the shelf life of the product without 
detrimentally affecting the quality of the product. Com- 
pared with traditional methods for heat treatment, iso- 
static high pressure treatment is particularly suitable 

20 for foods since the natural flavours, scents and nutri- 
tive substances of foods are better preserved and the 
process times are shorter. Isostatic high pressure treat- 
ment implies that the product is subjected to the same 
pressure from all sides, which means that the product, 

25 even if it shrinks, will not change its geometric shape 
during treatment. The pressure in the isostatic press 
in high pressure treatment of foods typically amounts 
to about 2000 - 10000 bar. However, in some isostatic 
presses a higher pressure can be applied, such as up to 

30 about 15000 bar. 

In isostatic high pressure treatment of foods and 
similar products, it is desirable to separate the food 
product from the pressure medium in the isostatic press. 
In prior-art technique, this is done be placing the food 
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product in a package made of a flexible material that 
allows pressure transfer frbm the pressure medium to 
the product that is to be treated- Typically, said pack- 
age is made as a flexible trough or a bag which is in 
5 direct contact with the pressure medium in the isostatic 
press. By increasing the pressure in the isostatic press, 
the increased pressure is transferred to the product 
through its flexible package, and the product will thus 
be treated. 

10 In isostatic high pressure treatment of foods and 

similar products, the isostatic press and the pressure 
medium in the isostatic press typically have a tempera- 
ture of about 10-120°C. The product that is to be sub- 
jected to high pressure treatment will during treatment 

15 assume essentially the same temperature as the isostatic 
press, which in many cases is also preferred. In prior- 
art technique, it is presently aimed at providing isosta- 
tic presses where the temperature of the product and the 
isostatic press should be significantly the same during 

20 the entire treatment. One problem remains, however, when 
products are to be subjected to high pressure treatment 
in a frozen state without thawing during the treatment, 
since it has been found difficult to use an isostatic 
press which in operation has the same low temperature as 

25 the frozen product. 

Today there is a need to be able to subject frozen 
products to high pressure treatment, without thawing. 
Traditional isostatic presses do not present any possi- 
bilities of high pressure treatment of frozen products 

30 without thawing, and therefore improvements are required 
for the purpose of eliminating this problem. 

Summary of the Invention 

An object of the present invention is to provide an 
35 isostatic press which is constructed so that satisfactory 
high pressure treatment of products having a temperature 
below 0°C is obtained where the temperature of the pro- 
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duct does not exceed 0°C at any time during the high 
pressure treatment. 

Another object of the invention is to provide a 
method for high pressure treatment of products having 
5 a temperature below O^C where the temperature of the 
product does not exceed 0**C at any time during the high 
pressure treatment . 

A further object of the invention is to provide a 
container, a plant and use for high pressure treatment 

10 of products having a temperature below 0®C where the tem- 
perature of the product does not exceed 0°C at any time 
during the high pressure treatment. 

The above objects and other objects that will be 
evident from the following description are achieved by 

15 an isostatic press, a method, a. container, a plant and 
use in accordance with the appended claims . 

The invention is based on a knowledge that, by 
absorbing emitted adiabatic heat, the temperature of 
the product can be kept below C^C throughout the high 

20 pressure treatment. This can be achieved by relatively 
simple means using a body which during the high pressure 
treatment absorbs adiabatic heat emitted from substances 
adjoining the body. 

According to one aspect of the invention, an iso- 

25 static press is provided, comprising a pressure chamber 
adapted to contain a first pressure mediiam and a place- 
able closed container adapted to hold a second pressure 
medium and a product having a temperature below 0®C, said 
container separating the first pressure medium from the 

30 second pressure medium. Separated pressure media accord- 
ing to the invention make it possible to use pressure 
media of different qualities in the container and the 
pressure chamber respectively, when these are not in 
fluid communication with each other. According to the 

35 invention, the container is provided with a pressure 
transfer means adapted to transfer pressure from the 
first pressure medium to the second pressure medium. 
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The container also comprises a body which is made of 
a material having low adiabatic heat emission relative 
to adjoining substances, the body being arranged so as 
to absorb emitted adiabatic heat from adjoining sub- 
5 stances during the high pressure treatment. 

Thus, there are created completely new conditions 
of subjecting products having a temperature below 0°C to 
a high pressure treatment by means of an isostatic press 
where heating of the product due to thermal transfer from 

10 the surroundings is counteracted in a simple and effect- 
tive manner. The possibility of counteracting an increase 
of heat is of great interest when frozen products that 
are not allowed to thaw during the high pressure treat- 
ment are to be treated by means of an isostatic press. 

15 When a system is pressurised, energy will be trans- 

ferred to the system, which results in an increase of 
the temperature of the pressurised substances. The tem- 
perature rise depends on the compressibility of the sub- 
stances, i.e. soft substances will be heated more than 

20 hard substances. In isostatic high pressure treatment, 
the temperature will consequently rise in all compress- 
ible substances according to a known pattern, referred 
to as adiabatic temperature rise. 

In an isostatic press according to the invention, 

25 the temperature of compressible substances will rise due 
to said adiabatic temperature rise in the high pressure 
treatment. The temperature of the body included in the 
container and having low adiabatic heat emission will 
during pressurising rise negligibly relative to said com- 

30 pressible substances. During the high pressure treatment, 
the body having a lower temperature relative to the sur- 
roundings will consequently absorb adiabatic heat emitted 
from adjoining substances to the body. 

By arranging a body having a large thermal mass in 

35 the container, a substantially large amount of adiabatic 
heat emitted from substances adjoining the body can be 
absorbed by the body in an effective manner. By a body 
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having a large thermal mass is meant in this application 
text a body which from adjoining substances can absorb 
emitted heat with a subsequent temperature rise in por- 
tions of the body^ during the increase of pressure in 
5 the isostatic press, which is below the temperature 

obtained in the product and the second pressure medium 
due to the adiabatic temperature rise. A suitable dimen- 
sion of the body is determined by how much heat is to be 
absorbed. 

10 The amount of generated heat due to the increase of 

pressure during the high pressure treatment depends in 
turn on the adiabatic temperature rise characteristic of 
adjoining substances, the volume of the substances and 
the pressure applied. By providing a closed container 

15 comprising a heat-absorbing body, a very advantageous 
counteraction of the temperature of the product in the 
container rising due to heating from adjoining substances 
is made possible, which cannot be achieved by traditional 
isostatic presses where the product is subjected to high 

20 pressure treatment in a flexible trough, a bag or a simi- 
lar thin-walled storing device. 

The body in the container is preferably made of a 
material with high heat capacity, such as metal, to 
provide a good heat-absorption quality from the sur- 

25 roundings. It is advantageous to make the body of stain- 
less steel or some other non-corrosive material. Stain- 
less steel has further advantages over many other metals 
by giving a heat capacity suitable for the purpose 
(Cp « 0.48 kJ/kg • K) , being easy to machine and being 

30 cheap. It is also possible to make the body of a plura- 
lity of materials with different characteristics, which 
in different layers together constitute the body. It will 
be appreciated that the body can be arranged in many dif- 
ferent ways in the container in order to achieve the 

35 above objects. 

An isostatic press suitable for the purpose com- 
prises a container where the body constitutes at least 
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part of the container wall. This is achieved preferably 
by making at least part of the container wall of a mate- 
rial having low adiabatic heat emission and low thermal 
resistivity, whereby this part of the wall constitutes 

5 said body that absorbs heat during the high pressure 
treatment as described above. For the container to 
absorb the adiabatic heat emission in an effective man- 
ner, according to the above-described body, the container 
wall is made in such a manner that it constitutes a ther- 

10 mal mass which is proportional to the amount of emitted 
heat during the high pressure treatment from substances 
adjoining the wall. The container can be designed with 
different geometric shapes, such as preferably cylindri- 
cal or some other shape suitable for the purpose- To 

15 obtain a large thermal mass which in an effective way can 
absorb emitted heat from adjoining substances, a signi- 
ficantly large part of the container wall consists of the 
body. The heat-absorbing body can in a preferred elongate 
cylindrical container, for instance, constitute at least 

20 the curved cylindrical wall, but also the ends of the 

cylinder can advantageously consist of a heat-absorbing 
material with a large thermal mass. 

The container is advantageously at least partly 
provided with a thermal insulation. By keeping the first 

25 pressure medium in the isostatic press and the second 
pressure medium in the container separated by means of 
an at least partly insulated closed container, a thermal 
transfer between the first pressure medium and the second 
pressure medium before, during and after the high pres- 

30 sure treatment is counteracted, the temperature of the 

second pressure medium and, consequently, of the product 
being only marginally affected by the temperature of the 
first pressure medium surrounding the container. 

In the case where the insulation consists of a com- 

35 pressible substance, which characterises many insulating 
materials, such as rubber, the insulation will be adia- 
batically heated during the high pressure treatment due 
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to compression of the insulation. The heat emitted from 
the insulation will heat the second pressure medium and 
the product, if this is not counteracted, and therefore 
the insulation is preferably arranged on the outside of 
5 the container wall. By arranging the insulation on the 
outside of the container wall, the adiabatic heat emis- 
sion from the insulation, which arises when this is com- 
pressed during the high pressure treatment, will be 
absorbed by the container wall. Thus it will be counter- 

10 acted that the adiabatic heat emission from the insula- 
tion affects the temperature of the product included in 
the container. The insulated container is preferably 
arranged with a wall which has a large thermal mass 
adapted to absorb adiabatic heat emitted both from the 

15 insulation and from the product and the second pressure 
mediiua at least next to the wall in the container, thus 
counteracting a temperature rise in the product due to 
thermal transfer from the surroundings in the high pres- 
sure treatment . 

20 As an example of the container which is placeable in 

the isostatic press, the wall has a thermal mass of about 
80 kJ/degree K. The insulation arranged round the wall 
and the bottom has, at a preferred pressure in the pres- 
sure chamber of about 6000 bar, a thermal heat emission 

25 of about 120 kJ due to adiabatic heat emission. The heat 
emitted from the insulation thus contributes to the tem- 
perature of the wall rising by about 1.5*^0 during the 
high pressure treatment. During the high pressure treat- 
ment, the wall will also absorb adiabatic heat emitted 

30 from the second pressure medium and the product at least 
next to the wall, which further contributes to a tempe- 
rature rise of about 5°C at the pressure stated above. It 
will be appreciated that the above values of thermal mass 
and emitted heat are only exemplifying for an embodiment 

35 of the container where many modifications of the design 
of the container can be made within the scope of the 
invention. 
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According to one embodiment of the invention, the 
container is arranged with a previously described wall 
which serves as the body for heat absorption of adiabatic 
heat emission from the insulation arranged on the outside 
5 of the wall and also the product and the second pressure 
medium at least next to the wall in the container. Out- 
side said wall, which forms an inner wall, an outer wall 
is arranged which forms an interspace between the inner 
and the outer wall, which interspace is adapted to accom- 

10 modate a thermal insulation which counteracts that the 
first pressure medium in the pressure chamber thermally 
affects the product and the second pressure medium in the 
container. Typically, the insulation consists of a ther- 
mal insulating substance in the form of polymer, prefer- 

15 ably natural rubber or EPDM (ethylene propylene rubber) . 
However, it is possible to provide a container where the 
interspace consists of a fluid, vacuum or other thermal 
insulation. For an insulation of EPDM (ethylene propylene 
rubber) or natural rubber, a thickness of at least 5 mm, 

20 preferably 5-15 ram, particularly 8-12 mm, has been found 
suitable for use in the present invention. 

In the case where the thermal insulation consists 
of a substance, such as EPDM (ethylene propylene rubber) 
or natural rubber, the outer wall serves to protect the 

25 insulation from mechanical damage in the handling of the 
container, and to support and hold the structure of the 
container together. The outer wall, preferably made of 
substantially thin stainless steel sheet, also allows a 
container which is easy to handle and which is hygienic 

30 because of its smooth surfaces. It is preferred to use 
the outer wall to fasten lifting hooks or similar means 
for use when the container is to be lifted and transport- 
ed. However, it is also possible to fasten lifting hooks 
or similar means in the inner wall for the same purpose, 

35 in which case the outer wall can be excluded, if desir- 
ed. With an insulation of natural rubber or EPDM, it is 
advantageous to fix this to the inner wall of the con- 
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tainer by gluing. If the container is arranged with an 
outer wall, this can hold the insulation in place against 
the inner wall of the container, thus making it possible 
to exclude fixing, if convenient, 
5 The inner wall is preferably made of stainless steel 

to a desired geometry- The thickness of the inner wall is 
dimensioned depending on how much heat is to be absorbed 
during the high pressure treatment due to adiabatic 
temperature rise in substances adjoining the wall. The 

10 amount of heat emitted from these substances in turn 

depends on the adiabatic temperature rise characteristic 
of these adjoining substances, the volume of the sub- 
stances and the pressure applied in the high pressure 
press. A wall thickness of the inner wall of at least 

15 5 mm, preferably 5-15 mm, particularly 8-12 mm, has been 
found convenient for use in the present invention. 

Pressure transfer from the first pressure medium in 
the isostatic press to the second pressure medium in the 
container is used to subject the product held in the con- 

20 tainer to high pressure treatment. The inner wall of the 
container is preferably essentially rigid and has no 
pressure transferring effect between the first pressure 
medium and the second pressure medium, which is a signi- 
ficant difference compared with prior art where flexible 

25 troughs or bags in themselves constitute the pressure 
transferring effect. In the present invention, use is 
made of a container with a preferably rigid inner wall 
to obtain the previously mentioned body with low adia- 
batic heating relative to adjoining substances, the body 

30 absorbing heat from adjoining substances during the high 
pressure treatment. For an isostatic press according to 
the invention, the pressure transfer occurs using a pres- 
sure transfer means which is included in the container 
and which is at least partly movably arranged relative 

35 to the inner wall of the container. In case of a pressure 
change in the first pressure medium, the pressure trans- 
fer means will enable a change of volvime of the second 
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pressure medium for the purpose of eliminating the pres- 
sure difference between the first pressure medium and the 
second pressure medium. 

To effect pressure transfer from the first pressure 
5 medium in the pressure chamber to the second mediiam in 
the container, the pressure transfer means is, in one 
embodiment of the invention, designed as a loose piston. 
By loose piston is meant an at least partly movably and 
loosely arranged piston relative to the inner wall of the 

10 container, the loose piston enabling a change of volume 
of the second pressure medium for the purpose of elimi- 
nating a possible pressure difference between the first 
pressure medium and the second pressure medium. The loose 
piston is arranged so as to be at least partly able to 

15 move along essentially the entire inner length of the 
container in order to follow variations of the level of 
the second pressure medium due to transferred pressure 
variations of the first pressure medium. The pressure 
transferring means in the form of a loose piston is seal- 

20 ingly arranged in the container so that it separates the 
first pressure medium in the pressure chamber from fluid 
communication with the second pressure medium in the 
container. Typically, the loose piston may constitute a 
removable and closable closure of the inner volume of the 

25 container. The loose piston thus allows the container to 
open for supply and discharge of products and said second 
pressure medium and, thus, subsequently to be reclosed. 
However, it is also possible to achieve the same function 
by using pressure transfer means of another design, such 

30 as membrane, bellows etc. 

In another embodiment according to the invention, 
the pressure transfer means is a flexible membrane which 
is partly movable relative to the inner wall of the con- 
tainer, a possible pressure difference between the first 

35 pressure medium and the second pressure medium being eli- 
minated by the mobility of the membrane enabling a change 
of volume of the second pressure medium in the container 
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relative to the pressure in the first pressure medium. 
The membrane fits tightly to the container to separate 
the first pressure medium in the pressure chamber from 
fluid communication with the second pressure medium in 
5 the container. Preferably the membrane is attached to 
the container by a detachable clamping device, such as 
a rubber band, to allow the membrane to be used as a 
removable and closable closure of the inner volume of the 
container when supplying and discharging the product and 

10 the second pressure medium. 

The pressure transfer means is designed so as to 
constitute a relatively small surface, but large enough 
to effect pressure transfer, of the total surface of the 
container, which surface is otherwise wholly or partly 

15 insulated. By forming the pressure transfer means with a 
surface which is small relative to the entire container, 
a thermal transfer between the first pressure medium and 
the second pressure medium is counteracted. It is parti- 
cularly preferred to form the pressure transfer means 

20 with an insulating and heat-absorbing effect, for 

instance with an insulating polymer on the outside of 
a metal as mentioned above, in order to minimise the 
above-mentioned effect of thermal transfer. In a prefer- 
red embodiment of the invention where the container is 

25 formed as an elongate cylinder, the pressure transfer 

means typically constitutes one end of the container. It 
will be appreciated that the pressure transfer means of 
the container can be designed in various ways in addition 
to those described above, which are only exemplary embo- 

30 diments. 

As a rule, the container is dimensioned according to 
the size of the pressure chamber of the isostatic press 
in order to utilise the volume in an effective way. Typi- 
cally the volume of the pressure chamber can be between 
35 35 and 600 1 for different isostatic presses, in which 

case the container will be unwieldy if a single container 
is used in large isostatic presses- To prevent this, an 
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isostatic press according to the invention makes it pos- 
sible to arrange a plurality of containers in the pres- 
sure chamber for simultaneous treatment of the product 
in each container. Since each high pressure treatment is 
5 associated with high costs, it is economy to be able to 
treat large volumes on the same occasion by being able 
to arrange a plurality of containers in the pressure 
chamber. By stacking the containers with a preferred 
cylindrical shape in the pressure chamber, the volxime 

10 in the pressure chamber is effectively utilised. The con- 
tainers are then designed in such a manner as to allow, 
for instance through holes in the outer wall of the con- 
tainers, free passage of the first pressure medium to the 
pressure transfer means of each container. 

15 According to the invention, it is preferred to 

arrange a valve means on the container to make it pos- 
sible to empty said container of a residual volume of 
air which possibly remains after supplying the product 
and the inner pressure medium. Preferably this valve 

20 means is arranged in connection with the pressure trans- 
fer means - 

Due to the advantageous embodiment involving a 
closed insulated container according to the invention, 
an isostatic press is provided, which is particularly 

25 suitable for high pressure treatment of frozen products 
held in the container. Such frozen products may consist 
of, for instance, foods, drugs or cosmetics. It will be 
appreciated that, in addition to the examples of products 
mentioned above, there will be other products in a frozen 

30 state which can be subjected to high pressure treatment 
by means of the present invention. It is crucial for 
the frozen product not to thaw during the high pressure 
treatment since this can often cause a detrimental effect 
on the quality of the product. 

35 For example, when arranged in the isostatic press, 

the container and the product held in the container and 
said second pressure medium have a temperature below 0°C, 
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preferably -5 to -30*^0, such as -10 to -25°C. The second 
pressure medium in the container must be such as to be in 
a liquid state at this low temperature to function as a 
pressure medium. The second pressure medium in the con- 
5 tainer preferably is ethanol or some other alcohol, or a 
mixture of water and alcohol. 

The isostatic press and the first pressure medium 
in the isostatic press typically have a temperature above 
0*^0, preferably between +4 and +8°C. Due to the increase 

10 of pressure during treatment, there will be adiabatic 

temperature rise both in the first pressure medium in the 
isostatic press and in the second pressure medium and the 
product in the container, which results in thawing of the 
product if a thermal transfer from the first pressure 

15 medium to the second pressure medium is not counteract- 
ed. Instead of, for instance^ the entire isostatic press 
being cooled to essentially the same temperature as the 
frozen product that is to be treated, an isostatic press 
according to one embodiment of the present invention can 

20 be used. This can be provided by forming the container, 
which is placeable in the isostatic press, with a thick 
wall which for a limited time will absorb emitted heat 
from substances adjoining the wall and, thus, counteract 
that the temperature of the product rises due to thermal 

25 transfer between the first pressure medium and the second 
pressure medium. If the high pressure treatment proceeds 
for a longer time, or if the time for conveying the con- 
tainer from the press to a cooled space is significantly 
long, it is preferable to use a preferred embodiment 

30 according to the invention. According to this preferred 
embodiment, the isostatic press comprises a closed insu- 
lated container which is placeable in the isostatic press 
and which is formed with a thick inner wall absorbing 
adiabatic heat emitted from the insulation and also from 

35 the product and the pressure medium at least next to the 
inner wall, and counteracting that the first pressure 
medium in the pressure chamber heats the second medium 
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and the product in the container, thereby making it 
possible to keep the frozen product in a frozen state 
throughout the high pressure treatment. Use of an isosta- 
tic press which is cooled to essentially the same tempe- 
5 rature as the frozen product has been found difficult to 
apply industrially since this causes great problems with 
the strength of material of the isostatic press and above 
all, is very costly and complicated to provide. 

Most frozen products which are convenient for high 

10 pressure treatment by means of the present invention, 

such as foods, drugs and cosmetics, have a characteristic 
in terms of heat change similar to water in high pressure 
treatment. The temperature at which at least parts of the 
frozen product change from solid phase to liquid phase is 

15 dependent on the pressure in the container. Thus it is 

necessary for the temperature of the product in the high 
pressure treatment to be kept below the temperature 
relative to the pressure where a phase change occurs. As 
an example, it can be mentioned that typically in adia- 

20 batic compression of substances with a characteristic in 
terms of heat change similar to water there prevails a 
minimum temperature of about -21**C at a pressure of about 
2100 bar where the phase change occurs. It has been found 
that the product nevertheless can have an initial tempe- 

25 rature which is higher, typically -IS^'C, than the tempe- 
rature at which the phase change occurs and still remain 
in solid phase throughout the high pressure treatment. 
This knowledge is based on the fact that melting heat is 
required in the phase change which lowers the temperature 

30 of the product so as to be below the temperature at which 
the phase change otherwise occurs. 

By means of an isostatic press according to the 
invention, it is also possible to subject products to 
high pressure treatment, which are in a liquid state at 

35 low temperatures, such as below 0**C, preferably -5 to 
-30**C, particularly -10 to -25°C. In the case where the 
product is liquid, it is preferred to let the liquid 
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product itself constitute the second pressure medium in 
the closed container. 

When frozen products in a cooled container are to 
be subjected to high pressure treatment according to the 
5 description above, it is advantageous to use a first 

pressure medium in the pressure chamber of the isostatic 
press with a freezing point below the temperature of the 
cooled container {below 0**C) to prevent the first pres- 
sure medium in the isostatic press next to the container 

10 from freezing. For instance, the first pressure medium in 
the pressure chamber of the isostatic press can typically 
be a mixture of water and alcohol (such as glycol) or 
some other liquid with a low freezing point. 

In a method for high pressure treatment of frozen 

15 products by means of an isostatic press according to the 
invention, the product which is to be treated, the con- 
tainer and the second pressure medium are provided in a 
cooled state with a temperature below 0°C, preferably -5 
to -30'*C, such as -10 to -25°C. The product, the second 

20 pressure medium and the container can be cooled together, 
or each separately. The product is preferably stored in 
a frozen state, for example, in a freezing chamber before 
it is placed in the container, the container and the 
second pressure medium being cooled in advance to essen- 

25 tially the same temperature as the product. An alterna- 
tive method is to cool the product, the container and 
the second pressure medivmi on the same occasion in a 
freezing device, such as a freezing chamber. Additional 
methods are possible where the important thing is that 

30 the container and the second pressure medium have essen- 
tially the same temperature as, or a lower temperature 
than, the frozen product when the container holding the 
frozen product and the second pressure medium is placed 
in the isostatic press. 

35 Having placed the frozen product and the second 

pressure medium in the container, the container is 
closed. In a preferred embodiment, the container is 
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closed by the pressure transfer means formed as a loose 
piston or a membrane. Closing of the container is advan- 
tageously made in an environment with essentially the 
same temperature as the cooled container, such as a 
5 freezing chamber. 

Having closed the cooled container, it is emptied 
of any remaining residual volume of air. The residual 
volume of air is discharged through a valve means, 
which in a preferred embodiment is placed on the pressure 

10 transfer means. By opening the valve and then compressing 
the contents of the container, preferably manually, by 
the pressure transfer means until liquid escapes through 
the valve means, an indication can be obtained that the 
major part of the residual volume of air has been dis- 

15 charged. Having discharged the residual volume of air, 

the valve is closed. The discharge of the residual volume 
of air occurs before the container is pressurised in the 
pressure chamber of the isostatic press; preferably dis- 
charge occurs even before the container is placed in the 

20 pressure chamber in connection with the closing of the 
container in an environment with essentially the same 
temperature as the frozen product. 

The container holding the frozen product and the 
second medium is placed in the pressure chamber of the 

25 isostatic press. In a preferred embodiment of the inven- 
tion, the container is placed on the bottom of the pres- 
sure chamber and surrounded by the first pressure medium 
in the pressure chamber. According to one embodiment, the 
first pressure medium is already placed in the pressure 

30 vessel when the container is placed in the same, but it 
is also possible, according to another embodiment, to 
supply the first pressure medium to the pressure vessel 
after having placed the container in the pressure vessel. 
The cooled container holding the product and the second 

35 pressure medium is conveyed from the cooled environment 
to the isostatic press, for example, by means of a lift- 
ing device or some other conveying device. For the frozen 
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product to be kept as cold as possible, the time from the 
container leaving the cooled environment until the pres- 
sure chamber is pressurised should be minimised. This can 
be achieved by placing the isostatic press close to the 
5 cooled environment^ such as a freezing chamber. If a 
plurality of containers holding products that are to be 
treated should be placed in the pressure chamber, this is 
done in the same way as described above. 

The isostatic press containing the container is 
10 pressurised by increasing the pressure of the first pres- 
sure medium. This can be done in various ways according 
to prior-art technique. Preferably, the first pressure 
medium is pumped into the pressure vessel, the pressure 
chamber being pressurised. The increased pressure of the 
15 first pressure mediiam is transferred to the second pres- 
sure medium by the above-mentioned pressure transfer 
means of the container to achieve pressure equilisation 
between the first and the second pressure medium, the 
second pressure medium in the container being compressed 
20 and in turn transferring the pressure change to the pro- 
duct that is to be treated, which product is advanta- 
geously enclosed in a bag or a similar flexible package 
protecting the product from being in direct contact with 
the second pressure medium. Depending on which type of 
25 product is to be subjected to high pressure treatment, 
the pressure in the pressure vessel is increased to 
2000-15000 bar, preferably 2000-10000 bar, particular- 
ly 5000-7000 bar. The increased pressure is typically 
applied for 0.5-20 min, preferably 0.5-10 min, particu- 
30 larly 2-7 min. 

By using an isostatic press according to the inven- 
tion, it will be possible to keep the temperature of the 
product below O^'C throughout the high pressure treatment. 
This is achieved by selecting a container with a prefer- 
35 red design according to the above description. Heat gene- 
rated in compressible substances due to the increased 
pressure is absorbed by means of the above-mentioned 
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inner wall of the container, thereby counteracting a tem- 
perature rise of the product due to heat transfer from 
the surroundings through the inner wall. In the preferred 
case where the product to be treated is in a frozen state 
5 when placed in the isostatic press, it is possible to 
counteract in the same way as described above that the 
product thaws at any time during the high pressure treat- 
ment. In the case where the initial temperature of the 
frozen product is selected so that the product at any 

10 time during the pressure rise in the pressure chamber 
assumes a temperature which is close to the limit for 
phase change between solid phase and liquid phase, the 
consumption of melting heat in the phase change is used 
to lower the temperature of the product to a level below 

15 the critical temperature where the phase change otherwise 
occurs . 

It is possible to treat the product enclosed in the 
container by applying one or more successive high pres- 
sure pulses. By applying several short pulses in suc- 

20 cession, the adiabatic heating of the insulation as well 
as the product and the second pressure medium will be 
short, the temperature of the compressible substances 
resuming its initial temperature between the pressure 
pulses, which results in the total amount of absorbed 

25 heat of the inner wall being smaller than in the case 
involving a continuous longer pulse. 

After the product enclosed in the container being 
subjected to high pressure treatment, the pressure cham- 
ber of the isostatic press will be decompressed. Decom- 

30 pression is effected according to known methods in prior- 
art technique. In a preferred embodiment of the isostatic 
press, at least parts of the first pressure medium are 
removed from the pressure chamber, whereby the pressure 
falls. The pressure transfer means of the container 

35 allows the second pressure medium in the container to 
expand in order to eliminate the pressure difference 
between the first and the second pressure medium. The 
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isostatic press is opened when the pressure in the pres- 
sure chamber and the container has become essentially the 
same as that of the environment surrounding the isostatic 
press, after which the container is removed from the 
5 pressure chamber and transported away for further treat- 
ment. To prevent the product from thawing after the high 
pressure treatment, the product should as soon as pos- 
sible be transported to a cooled environment, such as a 
freezing chamber. 

10 A plant for high pressure treatment of a product 

comprises in a preferred embodiment a freezing device and 
an isostatic press according to the invention. The freez- 
ing device, which in a preferred embodiment is a freezing 
chamber, is used to cool the container. It is also pos- 

15 sible to cool the second pressure medium and/or the pro- 
duct together with the container in the freezing device. 
Alternatively, the frozen product and/or the pressure 
medium can be stored in a cooled state in another chamber 
and be conveyed to the freezing device to be placed in 

20 the cooled container. The container holding the second 
pressure mediiam and the product is advantageously stor- 
ed in the freezing device until the container is to be 
placed in the pressure chamber of the isostatic press 
for the purpose of subjecting the product to high pres- 

25 sure treatment. 

An isostatic press or container or plant of the type 
described above can preferably be used to subject pro- 
ducts to high pressure treatment, which have a tempera- 
ture below 0°C, such as foods, drugs or cosmetics. 

30 

Brief Description of the Drawings 

The invention will now be described in more detail 
with reference to the accompanying schematic drawings 
which by way of example illustrate currently preferred 
35 embodiments of the invention. 
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Fig. 1 is, partly in cross-section, a schematic 
perspective view of an isostatic press according to an 
embodiment of the invention. 

Fig. 2 is a cross-sectional view of the container 
5 which is placeable in the isostatic press in Fig. 1 and 
comprises a loose piston for pressure transfer. 

Fig. 3 is a cross-sectional view of an alternative 
embodiment of the container in Fig. 2, which comprises a 
membrane for pressure transfer. 
10 Fig. 4 shows a diagram of how the temperature of a 

product held in a traditional flexible thin-walled plas- 
tic package is affected during a high pressure treatment. 

Fig. 5 shows a diagram of how the temperature of a 
product held in a container according to the invention is 
15 affected during a high pressure treatment. 

Figs 6a-f illustrate a method for high pressure 
treatment of a product by means of an isostatic press 
according to a preferred embodiment of the invention. 

20 Description of Preferred Embodiments 

Fig. 1 is a perspective view of an isostatic press 
10 for high pressure treatment of a product 12, partly in 
cross-section, according to one embodiment of the inven- 
tion. The isostatic press 10 comprises an openable top 

25 lid (not shown) and a pressure vessel or a pressure 

cylinder 14 which defines a pressure chamber 16, inside 
which a high pressure (such as up to 15000 bar) is gene- 
rated for treatment of a product 12 . The pressure chamber 
16 contains a first outer pressure medium 18 in the form 

30 of a mixture of water and glycol which is used to pres- 
surise the isostatic press 10. The outer pressure medium 
18 has a temperature of +4 to +8°C. Moreover the outer 
pressure medium 18 surrounds a cylindrical container 20 
which is placeable in the pressure chamber and rests on 

35 the bottom 22 of the pressure chamber. The container 20 
is adapted to hold a second inner pressure medium 24 in 
the form of ethanol and a frozen product 12 which is to 
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be subjected to high pressure treatment, which product 
is arranged in a plurality of packages. Before the high 
pressure treatment, the container 20, the inner pressure 
medium 24 and the product 12 are cooled to a temperature 
5 between -10 and -25°C. The upper end of the cylindrical 
container 20 is provided with a pressure transfer means 
26 in the form of a loose piston for pressure transfer 
between the outer pressure medium 18 and the inner pres- 
sure medium 24. The container 20 does not occupy the 

10 entire length of the pressure chamber 16, the outer pres- 
sure medium 18 being allowed to lie between the container 
20 and the pressure vessel lid (not shown) to be able 
to act one the pressure transfer means 26 of the con- 
tainer. For the sake of clarity, two alternative embodi- 

15 ments of the container 20 are illustrated in separate 

cross-sectional views in Figs 2 and 3 respectively, the 
same reference numerals being used for equivalent ele- 
ments in Fig. 1 and Fig. 2. 

The containers 20; 120 in Figs 2 and 3, respective- 

20 ly, comprise a 10 mm thick inner wall 28; 128 made of a 
material, such as stainless steel, with low heat resisti- 
vity and low adiabatic heating, the inner wall 28; 128 
being heated only marginally due to the increased pres- 
sure in the isostatic press 10 during pressurisation. The 

25 inner wall 28; 128 of the containers 20; 120 forms the 
inner volume of the containers 20; 120 which is adapted 
to hold the inner pressure medium 24 and the frozen pro- 
duct 12 which is to be subjected to high pressure treat- 
ment. 

30 Moreover, the containers comprise a 10 mm thick 

insulation 30; 130 arranged round the outside and bot- 
tom of the inner wall 28; 128. The insulation 30; 130 is 
adapted to counteract that heat is transported between 
the inside of the container 20; 120 and the outside 

35 thereof through the inner wall 28; 128. The insulation 
30; 130 is made of EPDM (ethylene propylene rubber) or 
natural rubber. An outer wall 32; 132 is arranged outside 
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the insulation 30; 130 to keep the construction together 
and at the same time protect the insulation 30; 130 from 
mechanical damage in the handling of the container. The 
outer wall 32; 132 is made of an essentially thin stain- 
5 less steel sheet with a thickness of about 2 mm. The con- 
tainers 20; 120 shown in Fig, 2 are about 1700 ram long 
and have a diameter of about 300 mm. 

For the containers 20; 120 shown in Figs 2 and 3, 
respectively, the inside of the inner wall 28; 128 

10 directed to the centre of the container 20; 120 is in 
direct contact with the inner pressure mediiam 24 in the 
container 20; 120, and the outside of the inner wall 28; 
128 directed away from the centre of the container 20; 
120 is in direct contact with the insulation 30; 130. In 

15 high pressure treatment, both the product 12 and the 
inner pressure medium 24 in the container 20; 120 and 
also the insulation 30; 130 will emit adiabatic heat due 
to compression. Since the inner wall 28; 128 has a ther- 
mal mass which is proportional to the emitted adiabatic 

20 heat, said heat will be absorbed by the inner wall 28; 
128 of the container 20; 120, thereby counteracting a 
temperature rise of the product 12 due to adiabatic tem- 
perature rise in the insulation 30; 130 and heat emission 
from the outside of the container 20; 120 through the 

25 inner wall 28; 128. 

The container 20 in Fig. 2 is at one end provided 
with a pressure transfer means 26 in the form of a cylin- 
drical loose piston, which is arranged as a closable lid. 
The loose piston 26, which is in contact with the outer 

30 pressure medium 18 on the side facing away from the con- 
tainer 20 and with the inner pressure medium 24 on the 
side facing the container 20, is movably arranged in the 
longitudinal direction of the container 20 to allow pres- 
sure transfer from the outer pressure medium 18 to the 

35 inner pressure medium 24. When the pressure of the outer 
pressure medium 18 in the isostatic press 10 is raised, 
the loose piston 26 will move downwards in the longitu- 
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ferred force from the outer pressure medium 18, whereby 
the inner pressure medium 24 will be compressed- When the 
pressure of the outer pressure medium 18 in the isostatic 
5 press 10 is lowered, the loose piston 26 will correspond- 
ingly move upwards in the longitudinal direction of the 
container 20 due to the force generated by the higher 
pressure of the inner pressure medixam 24 in the container 
20 relative to the outer pressure medium 18. At the upper 

10 and lower edge of the longitudinal sides of the loose 
piston 26 seals 34 extending round the circular surface 
of the loose piston 26 are arranged to fit tightly 
against the inner wall 28 of the container. The seals 
34 are so-called sleeve seals and intend to separate the 

15 inner pressure medium 24 in the container 20 from fluid 
communication with the outer pressure medium 18 in the 
pressure chamber 16. Ducts 36 are arranged to connect the 
space between the seals 34 on the longitudinal outside of 
the loose piston 26 with the inside of the container 20, 

20 these ducts 36 causing the pressure in the container 20 
and in the space between the seals 34 on the outside of 
the loose piston 26 to be the same all the time. On the 
longitudinal sides of the loose piston 26 there are at 
the upper and lower edge also slide rings 38 arranged to 

25 allow guiding of the loose piston 26 towards the inner 
wall 28 of the container 20. Seals 34 and slide rings 
38 are mounted on the loose piston 26 by means of two 
angled circular shelves 40 forming the upper and lower 
edge between the longitudinal and transverse sides of the 

30 loose piston 26, said shelves 40 being detachably arrang- 
ed by means of screws 42 to allow easy replacement in 
case seals 34 and slide rings 38 are worn out. The loose 
piston 26 is provided with a valve means 44 arranged at 
the upper transverse side of the loose piston 26 directed 

35 away from the container 20. The valve means 44 which in a 
preferred embodiment of the invention is a screw is used 
to empty the container 20 of a possible residual volume 
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of air which remains after supplying the inner pressure 
medium 24 and the product 12 which is to be treated. The 
upper transverse side of the loose piston 26 directed 
away from the container 20 comprises also a threaded hole 
5 4 6 which constitutes an attachment for a handle, lifting 
hook or similar means adapted to be used in removal and 
insertion of the loose piston 26 in the container 20. 

Fig. 3 shows a container 120 having the same proper- 
ties as described above for the container 20 in Fig. 2, 

10 except that the closable and pressure-transferring lid is 
a membrane 126. The membrane 126 is tight-fitting round 
the longitudinal sides of the container 120 for the pur- 
pose of separating the inner pressure medium 24 in the 
container from fluid communication with the outer pres- 

15 sure medium 18 in the pressure chamber 16. By the mem- 
brane 126 being made of an essentially flexible material, 
such as rubber, the pressure of the outer pressure medium 
18 on the outside of the container 120 can be transferred 
to the inner pressure mediim 24 on the inside of the con- 

20 tainer 120. The membrane 126 is fixedly arranged on the 
wall of the container 120, the membrane 126 having a 
flexible configuration which allows parts of the mem- 
brane 126 to move in the longitudinal direction of the 
container 120 by elastic deformation in order to transfer 

25 pressure variations in the outer pressure medium 18 to 
the inner pressure medium 24. To obtain a substantially 
long length of stroke, the membrane 126 is U-shaped with 
folded material at the edges which allows a so-called 
"over centre motion" in compression of the inner pressure 

30 medium 24 in the container 120. The membrane 126 is pre- 
ferably mounted on the container 120 using a rubber band 
(not shown) which provides a clamping effect, which is 
maintained when the membrane 126 is compressed in the 
high pressure treatment. 

35 Fig, 4 shows how the temperature of a frozen pro- 

duct, enclosed in a thin-walled plastic package of the 
type used in prior-art isostatic presses, varies over 
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time during a high pressure treatment in an isostatic 
press. The plastic package is surrounded by an outer 
pressure medium in the isostatic press,- preferably a 
mixture of water and glycol. The plastic package con- 
5 tains, in addition to the product, a second pressure 
medium, transferring pressure to the product, in the 
form of a liquid with a freezing point below 0°C, such 
as ethanol. A first double-dot-dashed curve shows the 
temperature of the product in the centre of the plastic 

10 package, and a second dashed curve shows the temperature 
of the product next to the wall of the plastic package. 
The plastic package is about 1700 mm long and has a dia- 
meter of about 300 mm. The diagram shows on the horizon- 
tal axis the time in seconds and on the vertical axis the 

15 temperature in °C. 

At the time 0 s when the plastic package containing 
the ethanol and the product is placed in the pressure 
chamber of the isostatic press, it has a temperature of 
-20*^0. The dashed curve shows how the temperature of the 

20 product next to the wall of the plastic package quickly 
rises from about -20*^0 at the time 0 s when the plastic 
package is placed in the pressure chamber to about -10°C 
at the time 40 s when the pressure chamber is pressur- 
ised. This temperature rise occurs due to heat transfer 

25 from the mixture of water and glycol in the pressure 

chamber having a temperature of about +4°C to the product 
next to the wall of the plastic package. The double-dot- 
dashed curve shows how the product in the centre of the 
plastic package essentially keeps its initial temperature 

30 -20*^0 from the point when it is placed in the isostatic 
press at the time 0 s up to the time 40 s when the pres- 
sure chamber is pressurised. During pressurisation of the 
pressure chamber of the isostatic press, the temperature 
of the product and the ethanol rises due to adiabatic 

35 temperature rise. The pressure is increased to a level of 
about 6000 bar which is kept constant for about 600 s The 
keeping of the constant pressure of 6000 bar is maintain- 
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ed from the time 260 s to the time 8 60 s, which in Fig. 4 
is indicated by two vertical unbroken lines. 

At the time 260 s when the pressure has reached 
6000 bar in the pressure chamber, the double-dot-dashed 
5 curve shows how the temperature of the product in the 
centre of the plastic package has risen by about 13®C to 
about -7**C due to adiabatic heating. The dashed curve 
shows at the same time how the product next to the wall 
of the plastic package has risen by about 15**C to about 

10 +5°C in consequence of the pressurisation. The greater 
temperature rise of the product next to the wall of the 
plastic package relative to the product in the centre of 
the plastic package is due to the fact that the product 
next to the wall of the plastic package absorbs heat from 

15 the mixture of water and glycol, which also adiabatically 
rises in temperature. During the pressurisation of the 
isostatic press which lasts for about 240 s, some gene- 
rated adiabatic heat of the product next to the wall of 
the plastic package will be emitted to the surrounding 

20 mixture of water and glycol when the temperature of the 
product exceeds the temperature of the mixture of water 
and glycol (+4'*C) . 

During the keeping of the pressure which lasts for 
about 600 s before the pressure vessel begins to be 

25 decompressed, the double-dot-dashed curve shows how the 
temperature of the product in the centre of the plastic 
package is insignificantly affected by the surroundings. 
The dashed curve shows how the temperature of the pro- 
duct next to the wall of the plastic package falls 

30 from about +5*^C at the time 260 s when the pressure of 

6000 bar has been reached to +2®C at the time 860 s when 
the pressure chamber begins to be decompressed. This tem- 
perature reduction of the product next to the wall of the 
plastic package is due to the fact that the colder pro- 

35 duct and ethanol further inside the plastic package will 
absorb heat from the product at the wall of the plastic 
package . 
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At the time 920 s when the pressure chamber has been 
decompressed, the double-dot-dashed curve shows that the 
product in the centre of the plastic package, where 
essentially no, or a negligible, heat exchange has occur- 
5 red, substantially resumes its initial temperature -20**C 
due to adiabatic temperature reduction. The dashed curve 
shows at the same time how the temperature of the product 
next to the wall of the plastic package falls by about 
18°C to -16°C, and then quickly rises due to thermal 

10 transfer from the mixture of water and glycol having a 
higher temperature (+4°C) . At the time 1200 s, about 
240 s after decompression, the dashed curve shows how the 
temperature of the product next to the wall of the plas- 
tic package has risen to about -6*^0 . The reason that the 

15 temperature of the product next to the wall of the plas- 
tic package falls more (about 18®C) in decompression com- 
pared with its rise in decompression about {15°C) is that 
the decompression process is quicker than the compression 
process, which means that a smaller heat exchange with 

20 the mixture of water and glycol occurs during decompres- 
sion than during compression. 

By the temperature of the product next to the wall 
of the plastic package during the high pressure treatment 
rising to a temperature above O^C, the product will part- 

25 ly thaw, which can deteriorate the quality of the product 
and destroy it. 

Fig. 5 shows in a diagram similar to Fig. 4 how the 
temperature of a frozen product varies over time during 
high pressure treatment in an isostatic press according 

30 to the present invention comprising a closed insulated 
container. In the same way as in Fig. 4, a first double- 
dot-dashed curve shows the temperature of the product in 
the centre of the container and a second dashed curve the 
temperature of the product next to the inner wall of the 

35 container. The container is formed with an about 10 mm 
thick inner wall of stainless steel. Outside the inner 
wall, an about 10 mm thick insulation of EPDM (ethylene 
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propylene rubber) is arranged and outside the insulation 
the container is provided with an about 2 mm thick stain- 
less steel sheet. The container is about 1700 mm long and 
has a diameter of about 300 mm. 
5 At the time 0 s when the container is placed in the 

pressure chamber, the container as well as the ethanol 
and the product in the container have a temperature of 
about -20°C. During pressurisation of the pressure cham- 
ber of the isostatic press, the temperature of the pro- 

10 duct and the second pressure medium rises due to adia- 
batic temperature rise. The pressure is increased to a 
level of about 6000 bar which is kept constant for about 
600 s The keeping of the constant pressure of 6000 bar is 
, maintained from the time 260 s to the time 860 s, which 

15 in Fig. 5 is indicated by two vertical unbroken lines. 

From the time 0 s when the container is placed in 
the pressure chamber to the time 40 s when the pressure 
chamber is pressurised, the temperature of both the pro- 
duct in the centre of the container and the product next 

20 to the inner steel wall of the container is only affected 
marginally. 

At the time 240 s when the pressure has reached 
6000 bar in the pressure chamber, the double-dot-dashed 
curve shows how the temperature of the product in the 

25 centre of the container has risen by about 13°C to about 
-7°C due to adiabatic heating. The dashed curve shows at 
the same time 240 s how the product next to the inner 
steel wall will emit heat to the inner steel wall, the 
temperature rising by about 7**C about -13°C. 

30 The double-dot-dashed curve shows how the tempe- 

rature of the product in the centre of the container at 
the time 860 s when the pressure chamber begins to be 
decompressed has been insignificantly affected by the 
surroundings while keeping the pressure which lasts 

35 for about 600 s The dashed curve shows how heat trans- 
fer through the inner steel wall from the insulation and 
the mixture of water and glycol causes the temperature 
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to rise over time in the product next to the inner steel 
wall while keeping the continuous pressure of 6000 bar. 
The temperature at the time 860 s when the pressure cham- 
ber begins to be decompressed after about 600 s of conti- 
5 nuous pressure is about -7°C at the inner steel wall, 

which is essentially the same temperature as that of the 
product in the centre of the container. 

At the time 900 s when the pressure press has been 
decompressed, it is evident from the double-dot-dashed 

10 curve and the dashed curve that the product next to the 
inner steel wall has a higher temperature than the pro- 
duct in the centre of the container due to the fact that 
the product next to the inner steel wall is heated by the 
inner steel wall which has absorbed heat during the high 

15 pressure treatment, which heat remains after decompres- 
sion. The temperature at the inner steel wall is at the 
time 1200 s, about 240 s after decompression, about -15°C 
and in the centre of the container about -20°C at the 
same time. 

20 Since the temperature of the product at the inner 

steel wall, by counteraction of thermal transfer, does 
not at any time during the continuous keeping of the 
pressure exceed the temperature which the product in the 
centre assumes during this time, due to adiabatic tempe- 

25 rature rise, it is avoided that the frozen product thaws 
anywhere in the container. 

Figs 6a-f illustrate schematically a method for high 
pressure treatment of frozen products by means of a pre- 
ferred embodiment of an isostatic press according to the 

30 invention. 

Fig. 6a shows an insulated container 212 which is 
placeable in an isostatic press 210 according to the 
invention and contains said second pressure medium 214. 
The container 212 containing the pressure medium 214 is 

35 cooled to a temperature between about -10°C and -25°C, 
which is usually carried out in a freezing chamber. 
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Fig. 6b shows that the frozen product 216 which is 
to be subjected to high pressure treatment is placed in 
the cooled container 212 which has essentially the same 
temperature as the frozen product 216. The container can 
5 be opened and closed by means of a lid, which in the 
shown preferred embodiment is a pressure transferring 
loose piston 218. The placing of the product 216 in the 
cold container 212 is performed in a cold room, prefer- 
ably a freezing chamber. 

10 In Fig. 6c, the container 212 is closed after plac- 

ing the product 216 which is to be subjected to high 
pressure treatment by means of an isostatic press 210 
according to the invention, in the container 212. After 
the container 212 being closed, it is emptied by a valve 

15 means (not shown) of a possible residual volume of air 
which remains after placing the product 216 in the con- 
tainer 212, The residual volume of air is discharged by 
the valve means being opened, after which the contents 
of the container 212 are compressed by means of the loose 

20 piston 218, preferably manually. An indication that the 
residual volume of air is discharged can in such a case 
be that liquid escapes through the valve means, after 
which the valve means is closed. Having discharged the 
residual volume of air, the container 212 containing the 

25 product 216 and the pressure medium 214 is kept in a cold 
space, for example in a freezing chamber until the high 
pressure treatment is to be begun. 

In Fig. 6d, the cooled container 212 containing the 
pressure medium 214 and the frozen product 216 is placed 

30 in a pressure chamber 220 of an isostatic press 210. 

After placing the container 212 in the pressure chamber 
220 of the isostatic press 210, the isostatic press 210 
is closed. 

In Fig. 6e, the first pressure medium 222 in the 
35 pressure chamber 220 of the isostatic press 210 is 

pressurised, the pressure of the first pressure medium 
222 in the pressure chamber 220 being transferred to 
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the second pressure mediuin 214 in the container 212 
through the loose piston 218. The product 216 is sub- 
jected to high pressure treatment at a pressure of 
2000 - 15000 bar^ preferably 2000 - 10000 bar, parti- 
5 cularly 5000 - 7000 bar, for 0.5 - 20 min, preferably 
0.5 - 10 min, particularly 2-7 lain. The high pressure 
treatment of a product 216 in the insulated closed con- 
tainer 212 can be carried out as one or more successive 
pressure cycles- By using an isostatic press 210 accord- 

10 ing to the invention comprising a closed insulated con- 
tainer 212 which is placeable in the isostatic press, 
said container 212 absorbing emitted adiabatic heat both 
from the product 216 and the second pressure medium 214 
at least next to the inner wall 224 of the container 212 

15 as well as the insulation 226, the product 216 can be 
kept in a frozen state throughout the high pressure 
treatment. 

In Fig. 6f, the pressure chamber 220 is decompress- 
ed after the high pressure treatment. Decompression is 

20 carried out by the pressure of the first pressure medixam 
222 being lowered, the pressure of the second pressure 
medixim 214 being lowered by the pressure difference rela- 
tive to the first pressure medium 222 being eliminated by 
means of the loose piston 218. After decompression, the 

25 isostatic press 212 is opened, and the container 212 con- 
taining the frozen product 216 can be removed from the 
pressure chamber 220 of the isostatic press 210. 

Although certain embodiments have been described 
above, the invention is not limited thereto. It will thus 

30 be understood that several modifications and variations 
can be provided without departing from the scope of the 
invention defined in the appended claims. 
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CLAIMS 

1. An isostatic press for high pressure treatment 
5 of a product having a temperature below 0°C, comprising 

a pressure chamber adapted to contain a first pres- 
sure medium, 

a container which is placeable in the pressure cham- 
ber and which is adapted to hold the product and a second 

10 pressure mediiim, 

the container being closable to keep the second 
pressure medium separated from the first pressure medium 
and being provided with a pressure transfer means for 
transfer pressure from the first pressure medium to the 

15 second pressure medium, and the container comprising a 
body which is made of a material having low adiabatic 
heat emission relative to adjoining substances, so that 
the body from adjoining substances absorbs heat which is 
generated by adiabatic temperature rise during the high 

20 pressure treatment. 

2. An isostatic press as claimed in claim 1, wherein 
the body constitutes at least part of the container wall. 

25 3. An isostatic press as claimed in claim 2, wherein 

the container wall comprises an inner wall round the out- 
side of which a substance in the form of an insulation is 
arranged to counteract thermal transfer between the first 
pressure medium and the second pressure medium, the body 

30 constituting at least part of the inner wall, said body 
counteracting that adiabatic heat emission from the 
insulation, due to compression during the high pressure 
treatment, thermally passes to the second pressure medium 
and the product. 

35 

4. An isostatic press as claimed in claim 3, wherein 
the container is arranged with an outer wall and the 
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insulation is arranged between the inner and the outer 
wall. 

5. An isostatic press as claimed in claim 3 or 4, 
5 wherein the inner wall of the container is essentially 
rigid and at least part of the pressure transfer means of 
the container is movably arranged relative to said inner 
wall to enable a change of volume of the second pressure 
medium for the purpose of eliminating a pressure diffe- 
10 rence between the first pressure medium and the second 
pressure medium. 

6- An isostatic press as claimed in any one of the 
preceding claims, wherein the pressure transfer means 

15 is arranged as a loose piston, preferably constituting 
a closable lid on the container, adapted to transfer a 
pressure change in the first pressure medium to the 
second pressure medium and to separate the first pressure 
medium from fluid communication with the second pressure 

20 medixim. 

7 . An isostatic press as claimed in any one of 
claims 1-5, wherein the pressure transfer means is 
arranged as a flexible membrane, preferably constitute 

25 ing a closable lid on the container, adapted to transfer 
a pressure change in the first pressure medium to the ■ 
second pressure medium and to separate the first pressure 
medium from fluid communication with the second pressure 
medium. 

30 

8. An isostatic press as claimed in any one of the 
preceding claims, wherein a plurality of containers can 
be placed in the same pressure chamber of the isostatic 
press for simultaneous treatment of the product in each 

35 container. 
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9. An i^ostatic press as claimed in claim 3 or any 
one of claims 4-8 in combination with claim 3, wherein 
the inner wall is made of metal, preferably stainless 
steel. 

5 

10. An isostatic press as claimed in claim 3 or any 
one of claims 4-9 in combination with claim 3, wherein 
the inner wall has a thickness which is at least 5 mm, 
preferably 5-15 mm, particularly 8-12 mm. 



10 



15 



20 



11. An isostatic press as claimed in claim 3 or any 
one of claims 4-10 in combination with claim 3, wherein 
the insulation is made of a polymer, preferably EPDM 
(ethylene propylene rubber) or natural rubber. 

12. An isostatic press as claimed in claim 3 or any 
one of claims 4-11 in combination with claim 3, wherein 
the insulation has a thickness which is at least 5 mm, 
preferably 5-15 mm, particularly 8-12 mm. 



13. An isostatic press as claimed in any one of the 
preceding claims, wherein a valve means is arranged on 
the container to enable discharge of a possible residual 
volume of air in the container when the container holds 

25 the product and the second pressure medium. 

14. An isostatic press as claimed in any one of the 
preceding claims, wherein the second pressure medium is 

a liquid with a freezing point below 0°C, such as ethanol 
30 or some other alcohol, or a mixture of water and alcohol. 

15. An isostatic press as claimed in any one of the 
preceding claims, wherein the first pressure medium is a 
liquid, preferably water or a mixture of water and alco- 

35 hoi, such as a mixture of water and glycol. 
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16. A method for high pressure treatment of a pro- 
duct by means of an isostatic press comprising a pressure 
chamber adapted to hold a first pressure medium, compris- 
ing: 

5 providing at least one closed container which holds 

a second pressure medium and a product whose temperature 
is below O^C, 

placing the container in the pressure chamber of the 
isostatic press, 
10 pressurising the pressure chamber by means of the 

first pressure medium, 

transferring a pressure change of the first pressure 
medium to the second pressure medium to subject the pro- 
duct held in the closed container to high pressure treat- 
15 ment, and 

keeping the temperature of the product below 0°C 
throughout the high pressure treatment by absorbing heat 
which is generated by adiabatic temperature rise during 
the high pressure treatment. 

20 

17, A method as claimed in claim 16, further com- 
prising keeping the product in a frozen state throughout 
the high pressure treatment, 

25 18. A method as claimed in claim 17, further com- 

prising, if the product reaches a temperature where there 
is a phase change from solid phase to liquid phase, 
keeping the product frozen throughout the high pressure 
treatment by utilising consumption of melting heat. 

30 

19. A method as claimed in any one of claims 16-18, 
further comprising counteracting thermal transfer between 
the first pressure medium and the second pressure medixim 
by selecting a container provided with thermal insula- 
35 tion. 
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20. A method as claimed in any one of claims 16-19, 
further comprising counteracting, during the high pres- 
sure treatment, by means of a body arranged in the con- 
tainer that emitted adiabatic heat from the insulation, 

5 due to compression during high pressure treatment, ther- 
mally passes to the second pressure medium. 

21. A method as claimed in claim 20, further com- 
prising absorbing said emitted adiabatic heat from the 

10 insulation by selecting a container where the body is 

positioned between the insulation and the second pressure 
medium, the body constituting at least part of the con- 
tainer wall. 

15 22. A method as claimed in any one of claims 16-21, 

further comprising transferring the pressure of the first 
pressure medium to the second pressure medium by com- 
pressing the second pressure medium in the container so 
that pressure equalisation is achieved between the first 

20 pressure medium and the second pressure medium. 

23. A method as claimed in any one of claims 16-22, 
further comprising cooling the container and the second 
pressure medium, which preferably is performed simulta- 

25 neously, to a temperature below 0°C, preferably between 
-5 and -30^*0, such as -10 to -25*^0. 

24. A method as claimed in claim 23, further com- 
prising placing in the cooled container the product hav- 

30 ing a temperature below 0°C, preferably between -5 and 
-30^*0, such as -10 to -25*^0. 

25. A method as claimed in any one of claims 16-24, 
further comprising discharging a possible residual volume 

35 of air from the container holding the product and the 
second pressure medium before the pressure chamber is 
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pressurised, preferably before the container is placed 
in the pressure chamber. 

26. A method as claimed in any one of claims 16-25, 
5 further comprising subjecting the product to high pres- 
sure treatment for 0.5-20 min, preferably 0.5-10 min, 
particularly 2-7 min. 

27. A method as claimed in any one of claims 16-26, 
10 further comprising subjecting the product to high pres- 
sure treatment at a pressure of 2000-15000 bar, prefer- 
ably 2000-10000 bar, particularly 5000-7000 bar. 

28. A method as claimed in any one of claims 16-27, 
15 further comprising decompressing the high pressure press 

and then removing the container from the pressure chamber 
after the high pressure treatment. 

29. A container adapted to subject, by means of an 
20 isostatic press, a product having a temperature below 

0**C, which is placeable in the container, to high pres- 
sure treatment, comprising 

a closure adapted to separate the inside of the con- 
tainer from the surroundings of the container, 

25 a pressure transfer means for transferring pressure 

from the surroundings of the container to the inside of 
the container, 

a body which is made of a material having low adia- 
batic heat emission relative to adjoining substances, so 

30 that the body from adjoining substances absorbs heat 

which is generated by adiabatic temperature rise during 
the high pressure treatment. 



30. A container as claimed in claim 29, wherein the 
35 body constitutes at least part of the container wall. 
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31. A container as claimed in claim 30^ wherein the 
container wall- comprises an inner wall round the outside 
of which a substance in the form of an insulation is 
arranged to counteract thermal transfer between the sur- 

5 roundings of the container and the inside of the con- 
tainer, the body constituting at least part of the inner 
wall, said body counteracting that adiabatic heat emis- 
sion from the insulation, due to compression during the 
high pressure treatment, thermally passes to the inside 
10 of the container. 

32. A container as claimed in claim 31, wherein the 
container is arranged with an outer wall and the insula- 
tion is arranged between the inner and the outer wall. 

15 

33. A container as claimed in claim 31 or 32, where- 
in the inner wall of the container is essentially rigid 
and at least part of the pressure transfer means of the 
container is movably arranged relative to said inner wall 

20 to enable a change of volume of the inner volume of the 
container for the purpose of eliminating a pressure dif- 
ference between the surroundings of the container and the 
inside of the container. 

25 34. A container as claimed in any one of claims 

29-33, wherein the pressure transfer means is arranged as 
a loose piston, preferably constituting a closable lid on 
the container, adapted to transfer a pressure change of 
the surroundings of the container to the inside of the 

30 container and to separate the inside of the container 
from the surroundings of the container. 

35. A container as claimed in any one of claims 
29-33, wherein the pressure transfer means is arranged as 
35 a flexible membrane, preferably constituting a closable 
lid on the container, adapted to transfer a pressure 
change of the surroundings of the container to the inside 



wo 2004/082405 PCT/SE2004/000406 

39 

of the container, and to separate the inside of the con- 
tainer from the surroundings of the container. 

36. A container as claimed in claims 31 or any one 

5 of claims 32-35 in combination with claim 31, wherein the 
inner wall is made of metal, preferably stainless steel. 

37 . A container as claimed in claim 31 or any one of 
claims 32-36 in combination with claim 31, wherein the 

10 inner wall has a thickness which is at least 5 mm, pre- 
ferably 5-15 mm, particularly 8-12 mm. 

38. A container as claimed in claim 31 or any one of 
claims 32-37 in combination with claim 31, wherein the 

15 insulation is made of a polymer, preferably EPDM (ethy- 
lene propylene rubber) or natural rubber. 

39. A container as claimed in claim 31 or any one of 
claims 32-38 in combination with claim 31, wherein the 

20 insulation has a thickness which is at least 5 mm, pre- 
ferably 5-15 mm, particularly 8-12 mm. 

40. A container as claimed in any one of claims 
29-39, wherein a valve means is arranged on the container 

25 to enable discharge of a possible residual volume of air 
in the container when the container holds the product and 
a pressure medium. 

41- A container as claimed in any one of claims 
30 29-40, wherein the container is adapted to transfer, by 
the pressure transfer means, a liquid pressure from the 
outside of the container to a liquid on the inside of the 
container, said liquid having a freezing point below 0®C, 
such as ethanol. 



35 



42. A plant for high pressure treatment of products 
having a temperature below 0°C, comprising a freezing 
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device^ such as a freezing chamber, and an isostatic 
press as claimed in any one of claims 1-15. 

43. Use of an isostatic press as claimed in any one 
5 of claims 1-15 or a container as claimed in any one of 
claims 29-41 or a plant as claimed in claim 42 for sub- 
jecting a product having a temperature below 0^*0, such as 
foods, drugs or cosmetics, to high pressure treatment. 
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